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1
RECONFIGURABLE MULTI-CHANNEL UWB
RECEIVER

TECHNICAL FIELD

The present invention relates to the field of UWB (Ultra
Wide Band) receivers and more particularly, those that can
operate in several frequency channels.

STATE OF PRIOR ART

Ultra-Wide Band (UWB) telecommunication systems,
whether they are of the pulsed type or not should emit in
certain well determined frequency bands, depending on
regional regulations, and with a frequency spectrum of mini-
mum width (500 MHz in the USA).

The lack of harmonization in the regulations at the inter-
national level on the one hand and the multiplication of UWB
standards for different application types, on the other hand,
lead to provide receivers capable of operating in several fre-
quency bands.

FIG. 1 gives by way of example the frequency plan used in
TEEE 802.15.4a and IEEE 802.15.16 standards, in the 3-5
GHz band. The same frequency plan is anyway simply offset
in the 7-9 GHz band. It is reminded that IEEE 802.15.4a and
IEEE 802.15.16 standards both use a pulsed UWB transmis-
sion, IEEE 802.15.4a standard being relative to LDR (Low
Data Rate) UWB transmission for location applications and
IEEE 802.15.6 standard relating to Body Area Network
(BAN) a component of which implements a UWB transmis-
sion.

It can be seen that the frequency plan comprises four chan-
nels. Channels 1, 2, 3 are each 500 MHz wide and are respec-
tively centered on 3.5, 4 and 4.5 GHz, that is with a spacing of
about 500 MHz. Channel 4 is centered on 4 GHz and is about
1 GHz wide. It is understood that it is advantageous to have a
single UWB receiver capable of switching between these
different bands and band widths.

A first UWB receiver type, referred to as homodyne or with
adirect conversion, is known from document EP-A-1 482 648
and represented in FIG. 2. This receiver comprises a single
quadrature mixing stage 210 with a frequency substantially
equal to the center frequency of the received signal to bring
the useful signal back into baseband. The baseband signal is
then filtered using low-pass filters 220, to remove parasitic
components at twice the mixing frequency, before being
sampled and digitized by analog-digital converters 230. This
UWRB receiver is of course here a single channel one given
that the mixing frequency is fixed.

A second UWB receiver type known from the state of the
art has been described in application EP-A-1 580 901 and
illustrated in FIG. 3A. As the previous one, this receiver
comprises a first stage 310, carrying out a translation into
baseband using a quadrature mixing at the center frequency of
the signal. The in-phase and quadrature signals are respec-
tively noted s,,s,,. It further includes a second stage compris-
ing a first quadrature mixer 321, at the output of the in-phase
channel of the first stage, and a second quadrature mixer 322,
at the output of the quadrature channel of the first stage. The
quadrature mixers 321 and 322 carry out a projection of the
signals s;,5,, on a base consisting of two orthogonal sine
curves. The signals obtained by projection, noted s,s,, for
the channel I and 5.8, for the channel Q are integrated
inside a time window, in the integrators 330. The sine curves
making up the orthogonal projection base have a period equal
to the width of this time window (also called time window).
The integrated signals, noted r;,,t;5,f o5 0» are quadratically
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2

summed in 335,340. The sum thus obtained is then compared
to a threshold value in 350 to determine whether the time
window contains a UWB pulse, which enables the window to
be synchronized with this pulse. This UWB receiver, herein-
after called orthogonal projection receiver, enables the detec-
tion of the pulsed signal to be improved.

A receiver architecture according to FIG. 3A has been
detailed in the article of G. Masson et al. entitled “A 1 nJ/b3.2
to 4.7 GHz UWB 50 Mpulses/s double quadrature receiver for
communication and localization” published in Proc. of the
ESSCIRC 2010, 14-16 Sep. 2010, Seville, Spain.

The orthogonal projection receiver has been the subject of
an improvement described in the similar application
FR-1259861, filed on behalf of the present applicants, and
illustrated in FIG. 3B. Elements identical to those of FIG. 3A
bear the same reference numerals.

Unlike the receiver of the FIG. 3 A, the orthogonal projec-
tion base has herein a period equal to twice the width of the
integration time window. For this reason, this receiver will be
designated hereinafter as having a half-period sinusoidal pro-
jection. The integrated signals 1,175t o1,t o are provided to a
phase estimator 360 enabling the position of the UWB pulse
to be determined within the time window. It will be then
possible to correct any time window shift relative to the UWB
pulse, from one recurrence to the other.

Finally, a UWB multi-channel receiver has been presented
in application US-A-2007155348. This receiver, specifically
adapted to MB-OFDM (Multi Band OFDM) transmission,
that is a transmission using a channel OFDM modulation with
a quick hopping from one channel to the other (frequency
hopping). The high number of channels used for transmission
and the very short switching time requires a complex archi-
tecture with a plurality of frequency synthetizers. The archi-
tecture proposed comprises a first stage of translation at a
variable intermediate frequency, a second stage of mixing at
a variable frequency using a bank of frequency synthetizers
and finally a reconfigurable Weaver cell for removing image
frequencies. However, this architecture is complex and
unsuitable for receiving a pulsed UWB signal in a low con-
sumption context.

The purpose of the present invention is to provide a pulsed
UWRB receiver architecture which could assume a great vari-
ety of configurations, in particular, which allows the channel
to be received to be selected, a projection on an orthogonal
base to be carried out or not, as explained in connection with
FIG. 3A or, if any, on a half-period sinusoidal base, as
explained in connection with FIG. 3B.

DISCLOSURE OF THE INVENTION

The present invention is defined by a pulsed UWB signal
receiver in a receiving channel from a plurality of channels
distributed about a center frequency, the receiver including:

a first stage, comprising a first quadrature mixer operating

at a first frequency, intended to translate said signal into
baseband or at an intermediate frequency, the first stage
providing an in-phase channel and a quadrature channel;

a second stage, comprising a second quadrature mixer on

said in-phase channel and a third quadrature mixer on
said quadrature channel, the second mixer operating at a
second frequency and providing a first in-phase signal
and a second quadrature signal, the third mixer operating
at said second frequency and providing a second in-
phase signal and a second quadrature signal;

a third stage integrating said first in-phase and quadrature

signals, as well as said second in-phase and quadrature
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signals, on a time window, to provide first, second, third
and fourth integration results respectively;

the receiver further including a fourth stage combining the
first, second, third and fourth integration results by means of
combination coefficients to provide at least a real part and an
imaginary part of a modulation symbol; and in that:

the first frequency is equal to the center frequency;

the second frequency and combination coefficients are

controllable as a function of the receiving channel.

Advantageously, the first stage comprises a first filter on
the in-phase channel and a second filter on the quadrature
channel, of identical characteristics, controllable as a func-
tion of the receiving channel.

If'the receiving channel is centered on the center frequency,
the characteristics of the first and second filters are controlled
such that they are configured as low-pass filters.

Alternatively, if the receiving channel is offset with respect
to the center frequency, the characteristics of the first and
second filters are controlled such that they are configured as
pass-band filters.

Advantageously, the second frequency is selected equal to
the frequency offset.

According to an operating configuration, the combination
coefficients are selected so as to carry out a rejection of the
image frequency of the receiving channel with respect to the
center frequency.

According to another operating configuration, the second
stage operates in a transparent mode.

The transparent mode can be obtained by shunting the
second and third mixers by means of shunt switches con-
nected to the same.

Alternatively, the transparent mode is obtained by select-
ing the second frequency equal to zero.

According to another operating configuration, the receiv-
ing channel is centered on the center frequency and the sec-
ond stage is configured in a transparent mode.

In this case, according to a first alternative, the fourth stage
carries out a selection between the first and second integration
results to provide the real part of the modulation symbol, and
a selection between the third and fourth integration results to
provide the imaginary part of the modulation symbol.

According to a second alternative, the fourth stage works
out an average between the first and second integration results
to provide the real part of the modulation symbol, and an
average between the third and fourth integration results to
provide the imaginary part of the modulation symbol.

According to yet another operating configuration, the
receiving channel is centered on the center frequency and the
width of the time window is equal to a period of the second
frequency.

According to yet another operating configuration, the
receiving channel is centered on the center frequency and the
width of the time window is equal to a half-period of the
second frequency.

According to a first alternative, the fourth stage works out
a sum of the first and fourth integration results to provide the
real part of the modulation symbol, and it works out the
difference of the second and third integration results to pro-
vide the imaginary part of the modulation symbol.

According to a second alternative, the fourth stage is con-
figurable in a transparent mode.

In all the abovementioned configurations, the first fre-
quency, the second frequency and the recurrence frequency of
the time window are advantageously provided by a frequency
synthetizer.
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BRIEF DESCRIPTION OF THE DRAWINGS

Further characteristics and advantages of the invention will
appear upon reading a preferential embodiment of the inven-
tion made in reference to the appended figures in which:

FIG. 1, already described, represents an exemplary fre-
quency plan in a UWB spectral band;

FIG. 2, already described, schematically represents a first
exemplary UWB receiver known to from the state of the art;

FIG. 3A, already described, schematically represents a
second exemplary pulsed type UWB receiver, known from
the state of the art;

FIG. 3B, already described schematically represents an
improvement of the UWB receiver of FIG. 3A;

FIG. 4 represents the architecture of a UWB receiver
according to one embodiment of the invention;

FIG. 4A represents the UWB receiver of FIG. 4 in a first
operating configuration;

FIG. 4B represents the UWB receiver of FIG. 4 in a second
operating configuration;

FIG. 4C represents the UWB receiver of FIG. 4 in a third
operating configuration;

FIG. 4D represents the UWB receiver of FIG. 4 in a fourth
operating configuration;

FIG. 4E represents the UWB receiver of FIG. 4 in a fifth
operating configuration;

FIG. 4F represents the UWB receiver of FIG. 4 in a sixth
operating configuration;

FIG. 4G represents the UWB receiver of FIG. 4 in a seventh
operating configuration;

FIG. 4Hrepresents the UWB receiver of FIG. 4 in an eighth
operating configuration.

DETAILED DISCLOSURE OF PARTICULAR
EMBODIMENTS

In the following, there will be considered a receiver
intended to receive a pulsed signal that can be emitted in
different possible bands of a frequency plan. It is reminded
that a pulsed UWB signal consists of ultra-short pulses (in the
order of one nanosecond or one hundred picoseconds) being
repeated with a recurrence period, wherein an information
symbol is transmitted by means of phase, amplitude and/or
position modulation of a plurality of successive pulses.

FIG. 4 schematically represents a UWB receiver according
to one embodiment of the invention and more precisely its
analog input stage before digital demodulation.

The UWB receiver comprises at its input a low noise ampli-
fier (LNA), 410. Advantageously, the pass-band of the LNA
covers all the channels of the frequency plan. Alternatively,
the LNA is more selective and its pass-band is centered on the
desired channel. Finally, a low noise amplifier can be pro-
vided the pass-band of which can be controlled to select the
channel of interest.

The low noise amplifier is followed by a first frequency
translation stage 420. It will be seen in the following that this
stage allows, according to the configuration, the received
signal to be brought back into baseband or to be offset at a
determined intermediate frequency. This first stage conven-
tionally comprises a first quadrature mixer 421. The fre-
quency f,, used for mixing is the center frequency of the
frequency plan, in other words the symmetry frequency ofthe
distribution of the different channels. It is provided by the
frequency synthetizer 460, made for example, in a manner
known per se, from a frequency controlled oscillator regu-
lated by a phase-locked loop.
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The in-phase and quadrature signals at the output of the
quadrature mixer 5,5, are respectively filtered by means of
the filters 423 and 424. These filters have controllable high
and low cut-off frequencies. According to the configuration
contemplated, they can carry out a low-pass filtering or a
band-pass filtering. They can advantageously be made as
bi-quad type gm-C filters. In such a filter, the pass-band can be
changed by varying its control voltage. An example of gm-C
filter is described in the article of B. Nauta entitled “A CMOS
transconductance-C filter technique for very high frequen-
cies”, IEEE Journal of Solid States Circuits, vol. 27, No 2,
February 1992.

Thus filtered signals s,,s , pass through a second stage, 430,
comprising a second quadrature mixer 432, on the in-phase
channel, and a third quadrature mixer 433, on the quadrature
channel. The frequency, f,, used by the second and third
mixers is provided by the frequency synthetizer 460.

The in-phase signal, s;, can be amplified before being
mixed by the second mixer, 432. The in-phase and quadrature
outputs of this mixer are noted s,s,,, respectively. They are
advantageously filtered by low-pass filters, 436, the cut-off
frequency of which can be controllable. In a similar way, the
quadrature signal, s ,, can be amplified before being mixed by
the third mixer 433. The in-phase and quadrature outputs of
this mixer are noted s, 5, respectively. The second stage,
430, can be shunted according to the configuration assumed
by the receiver by the switches 435. Alternatively, the second
stage 430 is shunted by simply selecting the frequency f;
equal to 0.

The signals at the output of the second stage, which can
possibly be shunted as explained above, are integrated (and
digitized) by a stage 40. More precisely, these signals are
integrated in a time window by the integrators 441. The recur-
rence frequency, F_, of the integration window is provided by
the frequency synthetizer 460. The integration results on the
different channels, 17,1;5,f ot o0, are digitized thanks to the
analog/digital converters 443.

The integration results are then combined in a combination
stage 450. This stage works out a combination operation
which can be represented in a matrix way by:

M

rir

(VI
( d; ] [Eu g Eoi EQQ] Tig
do & S,QQ sg, ng Tor
Too

where d;and d,, are respectively the real part and the imagi-
nary part of a (complex) modulation symbol d, and the ele-
ments of the matrix belong to the set {~1,0,+1}. The matrix

' ' ! !
i Eip Sor o0

< EIQQ fgl EgQ

depends on the receiver configuration.

The modulation symbol can then be digitally demodulated
in a manner known per se.

By way of example and without prejudice to generality, it
will be assumed in the following that the receiver is intended
to receive a pulsed UWB signal in the channels 1 to 4 of the
frequency plan of FIG. 1.

FIG. 4A represents a first configuration of the UWB
receiver.
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6

In this configuration, the receiver receives the channel 1
(centered on 3.5 GHz). To do this, the first quadrature mixer
421 of the first stage 420 operates at the frequency f,=4 GHz
and the second and third mixers, 431, 432 of the second stage
430, operate at the frequency f;=500 MHz.

Thus, the first stage 420 translates the band of interest at the
500 MHz intermediate frequency. The filters 421 and 422 are
configured as pass-band filters centered about this frequency.
For example, the pass-band of these filters could be selected
as being 200-800 MHz. The second stage 430 brings back the
signal of interest into baseband. The combination of the first
and second stages thus enables the receiver to operate in a
heterodyne mode.

Signals s;.,8,, and s,,,5,,, are integrated in the time win-
dow (being here repeated with a 62.4 MHz frequency) within
the integration stage 440.

The combination stage 450 is configured as a Weaver cell.
Such a cell allows the rejection of the image frequency of the
signal (symmetrical frequency of the center frequency of the
signal, that is 3.5 GHgz, relative to the frequency of the first
mixing, that is 4 GHz). The coefficients of the combination
matrix depend on the local oscillator phase at the frequency f,,
and that of the local oscillator at the frequency f,. For
example, if the in-phase channels receive a cos signal and the
quadrature channels a sin signal, the combination matrix will
be in the following form:

(1 0 0 1]
E=
01 -120

On the other hand, for example, if the in-phase channel of
the first stage receives a sin signal whereas its quadrature
channel receives a cos signal, we have, with the same phases
as previously for the second stage:

(0 1 10]
E=
-1 001

Those skilled in the art will understand that the combina-
tion matrix could take other forms according to the local
oscillator phases at the frequencies f, and f;. These forms are
deducted from (2) by column permutations.

@

@)

FIG. 4B represents a second configuration of the UWB
receiver.

In this configuration, the receiver receives the channel 3
(centered on 4.5 GHz). To do this, the first quadrature mixer
421 of the first stage 420 operates at the frequency f,=4 GHz
and the second and third mixers, 431, 432 of the second stage
430, operate at the frequency f;=500 MHz.

Thus, the first stage 420 translates the band of interest at the
500 MHz intermediate frequency. The filters 421 and 422 are
configured as band-pass filters centered about this frequency.
For example, the pass-band of these filters can be selected as
being 200-800 MHz. The second stage 430 brings back the
signal of interest into baseband. As in the previous configu-
ration, the combination of the first and second stages enables
the receiver to operate in a heterodyne mode.

Signals s;,,8,, and 5,85, are integrated in the time win-
dow (being repeated here with a 62.4 MHz frequency) within
the integration stage 440.
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The combination stage 450 is again configured as a Weaver
cell. The coefficients of the combination matrix depend on the
local oscillator phase at the frequency f,, and that of the local
oscillation at the frequency f;. If the in-phase channels
receive a cos signal and the quadrature channels a sin signal,
the combination matrix will be in the following form:

(1 00 —1]
E=
011 0

On the other hand, for example, if the in-phase channel of
the first stage receives a sin signal whereas its quadrature
channel receives a cos signal, we have, with the same phases
as previously for the second stage:

0 -110
(i 5 o)
1o 01

The combination matrix could take other forms according
to thelocal oscillator phases at the frequencies f, and f; . These
forms are deduced from (3) by column permutations.

FIG. 4C represents a third configuration of the UWB
receiver.

In this configuration, the receiver receives the channel 2 or
4 (centered on 4 GHz) without carrying out an orthogonal
projection. To do this, the first quadrature mixer 421 of the
first stage 420 operates at the frequency f,=4 GHz and the
second stage 430 is shunted. The receiver thus operates in a
homodyne mode.

The first stage 420 brings back the signal of interest into
baseband. The filters 421 and 422 are configured as low-pass
filters with, for example, a 300 MHz cut-off frequency for the
channel 2 and a 600 MHz cut-off frequency for channel 4.

Signals s;;and s, are integrated in the time window (being
here repeated with a 62.4 MHz frequency) within the integra-
tion stage 440. Signals s, and s, , need not be integrated and
the corresponding channels can on the other hand can be
deactivated to save energy of the power source.

The combination stage 450 is configured to select the
active channels, in other words:

(1 00 0]
E=
0010

Of course, if the signals s, and s, had been integrated
and the channels corresponding to the signals s;; and s, had
been deactivated, the combination matrix would be in the
form:

0100
£y 0 01)
0001

FIG. 4D represents a fourth configuration of the UWB
receiver.

This configuration allows channels 2 and 4 to be received,
without an orthogonal projection. It differs from FIG. 4C in
that all the channels are herein active. Signals s;; and s, are
however identical since the second stage is shunted (closing
switches 435 or mixing at DC frequency). Likewise, signals
sor and s, are identical. Signals sz, s;; and sy, 55, are
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integrated in the time window and the integration results are
combined by stage 450 by means of the combination matrix:

(1 10 0]
E=
0011

This stage works out an average of values 1;,,1,,, on the one
hand, and values r,;,t,,, on the other hand, which enables a
better signal to noise ratio to be achieved.

FIG. 4E represents a fifth configuration of the UWB
receiver.

This configuration allows channels 2 and 4 to be received,
an orthogonal base projection to be carried out.

Then, it can be determined whether the time window con-
tains a UWB pulse by switching the receiver on a sixth con-
figuration illustrated in FIG. 4F.

In these fifth and sixth configurations, as in the third and
fourth ones, the first stage 420 carries out the translation of the
received signal into baseband (direct conversion). The fre-
quency {,, of the first stage is selected equal to 4 GHz.

Filters 421 and 422 are configured as low-pass filters (300
MHz cut-off frequency for channel 2 and 600 MHz cut-off
frequency for channel 4).

The second stage 430 carries out the projection of each of
the signals s; and s, on an orthogonal base consisting of
quadrature sine curves at the frequency f;=500 MHz.

The third stage 440 carries out the integration of the signals
S 70 a0d 857,55 11 the time window. The latter has a width
equal to a period of the mixing frequency, f,, of sine curves
making up the projection base, that is here 2 ns. The recur-
rence period of the time window is selected for example equal
to 62.4 MHz.

In the fifth configuration, the integration results in the
window, 1., 0.t ot o are combined in the combination stage
450 by means of the combination matrix:

(1 0 0 1]
E=
01 -120

When it is desired to determine whether the time window
does contain a pulse, it is sufficient to switch the combination
stage into a transparent mode as illustrated in FIG. 4F. The
integration results can then be quadratically summed:

®

©

M

and the quadratic sum is compared with a threshold to deter-
mine whether a pulse is actually present in the window.

FIG. 4G represents a seventh configuration of the UWB
receiver.

This configuration allows channels 2 and 4 to be received,
and a half-period sinusoidal orthogonal base projection to be
carried out.

The pulse position can then be accurately determined
within the time window by switching the receiver to an eighth
configuration represented in FIG. 4H.

The seventh and eighth configurations are respectively
identical to the fifth and sixth ones, with the difference that the
frequency of the sine curves used as an orthogonal projection
base of the second stage is 250 MHz. More generally, in both
latter configurations, the width of the time window is equal to
a half-period of the mixing frequency of the second stage.

Thus, when it is desired to determine the time position of
the pulse in the time window, it is sufficient to switch the

R=rf+rig o+ o0’
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combination stage into a transparent mode as
FIG. 4H and then calculate the phase:

illustrated in

. rig (8

o = arctan( o )

or

by = 2] ©
ror

the phases ¢,and ¢ o enabling the time position of the pulse in
the window to be unambiguously obtained.

The invention claimed is:

1. A pulsed UWB signal receiver in a receiving channel
from a plurality of channels distributed about a center fre-
quency, the receiver comprising:

a first stage, comprising a first quadrature mixer operating
ata first frequency, configured to translate the signal into
baseband or at an intermediate frequency, the first stage
providing an in-phase channel and a quadrature channel;

a second stage, comprising a second quadrature mixer on
the in-phase channel and a third quadrature mixer on the
quadrature channel, the second mixer operating at a
second frequency and providing a first in-phase signal
and a second quadrature signal, the third mixer operating
atthe second frequency and providing a second in-phase
signal and a second quadrature signal;

a third stage integrating the first in-phase and quadrature
signals, and the second in-phase and quadrature signals,
on a time window, to provide first, second, third, and
fourth integration results respectively;

a fourth stage combining the first, second, third, and fourth
integration results by combination coefficients to pro-
vide at least a real part and an imaginary part of a modu-
lation symbol; and

wherein the first frequency is equal to the center frequency;

wherein the second frequency and combination coeffi-
cients are controllable as a function of the receiving
channel.

2. The receiver according to claim 1, wherein the first stage
comprises a first filter on the in-phase channel and a second
filter on the quadrature channel, of identical characteristics,
controllable as a function of the receiving channel.

3. The receiver according to claim 2, wherein the receiving
channel is centered on the center frequency, and the charac-
teristics of the first and second filters are controlled to be
configured as low-pass filters.

4. The receiver according to claim 2, wherein the receiving
channel is offset with respect to the center frequency, and the
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characteristics of the first and second filters are controlled to
be configured as pass-band filters.

5. The receiver according to claim 4, wherein the second
frequency is selected equal to the frequency offset.

6. The receiver according to claim 5, wherein the combi-
nation coefficients are selected to carry out a rejection of the
image frequency of the receiving channel with respect to the
center frequency.

7. The receiver according to claim 1, wherein the second
stage is configurable to operate in a transparent mode.

8. The receiver according to claim 7, wherein the transpar-
ent mode is obtained by shunting the second and third mixers
by shunt switches connected to the second and third mixers.

9. The receiver according to claim 7, wherein the transpar-
ent mode is obtained by selecting the second frequency equal
to zero.

10. The receiver according to claim 8, wherein the receiv-
ing channel is centered on the center frequency and the sec-
ond stage is configured in the transparent mode.

11. The receiver according to claim 10, wherein the fourth
stage carries out a selection between the first and second
integration results to provide the real part of the modulation
symbol, and a selection between the third and fourth integra-
tion results to provide the imaginary part of the modulation
symbol.

12. The receiver according to claim 11, wherein the fourth
stage works out an average between the first and second
integration results to provide the real part of the modulation
symbol, and an average between the third and fourth integra-
tion results to provide the imaginary part of the modulation
symbol.

13. The receiver according to claim 1, wherein the receiv-
ing channel is centered on the center frequency and the width
of the time window is equal to a period of the second fre-
quency.

14. The receiver according to claim 2, wherein the receiv-
ing channel is centered on the center frequency and the width
of the time window is equal to a half-period of the second
frequency.

15. The receiver according to claim 13, wherein the fourth
stage works out a sum of the first and fourth integration results
to provide the real part of the modulation symbol, and works
out the difference of the second and third integration results to
provide the imaginary part of the modulation symbol.

16. The receiver according to claim 14, wherein the fourth
stage is configurable in a transparent mode.

17. The receiver according to claim 1, wherein the first
frequency, the second frequency, and the recurrence fre-
quency of the time window are provided by a frequency
synthesizer.



